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Introduction
The accumulation of secondary metabolites in plants depends on both external (environmental)
and internal (biological) factors. Although, the variation observed among cultivars is
generally considered to be more important than environmental eﬀects. We have previously
demonstrated that fast, ﬂuorescence record analyzed by the ﬂuorescence excitation ratio
method (Cerovic et al., 2002) can eﬃciently determine environmentally induced changes in
the content of ﬂavonoids and anthocyanins in lettuce leaves with diﬀerent colors. The aim
of the present study was to test the hypotheses that (1) the accumulation of UV-absorbing
and other related phenolic compounds responds speciﬁcally to altered UV radiation and
temperature; (2) the diﬀerences exist in the accumulation of phenolic compounds between
green-colored and red-colored lettuce cultivars when exposed to different environmental
conditions; (3) the non-destructive quantiﬁcations of ﬂavonoids and phenolics using the
ﬂuorescence excitation ratio method can produce the data consistent with the results of
standard analytical methods; and (4) there is a close relationship between the content of
speciﬁc phenolic acids and major groups of polyphenols.
Material and methods
The experiments were held at SAU in Nitra (48°19′7′’N, 18°4′55′’E, 144m asl). To
distinguish the eﬀects of UV radiation from other environmental factors such as temperature,
humidity, and light intensity, the plants were grown in three diﬀerent environments: 1. direct
sunlight (outdoor conditions with high UV), 2. under clear glass (outdoor conditions with
low UV), and 3. greenhouse (indoor conditions with low UV) Measurements of chlorophyll
ﬂuorescence under the multiple light spectra excitations were done using the portable optical
ﬂuorescence sensor Multiplex-3® (Force-A, Paris, France). Total phenolic content from the
lettuce leaves extracts was determined by the standard spectrophotometric method using
Folin–Ciocalteu reagent (Singleton and Rossi, 1965). Hydroxycinnamic acid derivatives
were quantiﬁed using the approach of Mewis et al. (2011).
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Results and discussion
Environmental conditions influence the content and metabolic profile of phenolic
compounds in vegetables. The present study focused on distinguishing between the effects
of ultraviolet (UV) radiation and temperature on lettuce plants with green or red leaf color
when grown in either a greenhouse or outdoors. A combination of the non-destructive,
fluorescence-based method with spectrophotometric and HPLC analyses enabled us
to assess the effects of environment, cultivar, and plant-leaf color on concentrations of
flavonoids, anthocyanins, and phenolic compounds. The accumulation of total phenolics,
flavonoids, anthocyanins, and phenolic acids (benzoic acid derivatives and cinnamic
acid derivatives) increased in direct sunlight (high UV radiation, moderate temperature)
conditions outdoors as compared to the greenhouse conditions (low UV radiation, high
temperature).
The comparison of the effects of UV radiation and temperature (indoor-outdoor effect)
indicated that the level of UV radiation plays a dominant role in the accumulation of
flavonoids, anthocyanins, and methoxycinnamic acid; while temperature predominantly
influences the accumulation of phenolic acids (rosmarinic, p-anisic, vanillic acid. Although,
the leaf color (green vs. red) was strongly related to the content of majority of studied
phytochemicals, environmental conditions affected their concentrations in both color types
similarly. The concentrations of compounds estimated with the noninvasive, fluorescence
excitation ratio method was highly consistent with those obtained by standard analytical
approaches. Our results show that this fast, non-invasive method can be effectively used
for determining concentrations of flavonoids and phenolic acids in lettuce plants.
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